Objective To elucidate the effect of a 12-week horizontal vibration exercise (HVE) in chronic low back pain (CLBP) patients as compared to vertical vibration exercise (VVE). Methods Twenty-eight CLBP patients were randomly assigned to either the HVE or VVE group. All participants performed the exercise for 30 minutes each day, three times a week, for a total of 12 weeks. Altered pain and functional ability were evaluated using the visual analog scale (VAS) and Oswestry Disability Index (ODI), respectively. Changes in lumbar muscle strength, transverse abdominis (TrA) and multifidus muscle thicknesses, and standing balance were measured using an isokinetic dynamometer, ultrasonography, and balance parameters, respectively. These assessments were evaluated prior to treatment, 6 weeks and 12 weeks after the first treatment, and 4 weeks after the end of treatment (that is, 16 weeks after the first treatment). Results According to the repeated-measures analysis of variance, there were significant improvements with time on VAS, ODI, standing balance score, lumbar flexor, and extensor muscle strength (all p<0.001 in both groups) without any significant changes in TrA (p=0.153 in HVE, p=0.561 in VVE group) or multifidus (p=0.737 in HVE, p=0.380 in VVE group) muscle thickness. Further, there were no significant differences between groups according to time in any of the assessments. No adverse events were noticed during treatment in either group. Conclusion HVE is as effective as VVE in reducing pain, strengthening the lumbar muscle, and improving the balance and functional abilities of CLBP patients. Vibrational exercise increases muscle strength without inducing muscle hypertrophy.
INTRODUCTION
Low back pain (LBP) is one of the most common types of pain, occurring at least once in a lifetime in more than 80% of the total population [1] . In most cases, LBP usually resolves within 8 to 12 weeks; however, it develops into chronic low back pain (CLBP) in about 15% of acute cases [2, 3] . Several studies have suggested risk factors of LBP, including psychological stress, structural defects of the spine, and biomechanical and genetic factors [4] . However, in 85% of cases of CLBP, no specific cause can be determined from imaging or biomechanical analysis, and this type of LBP is classified as non-specific CLBP [3] . LBP distorts normal signals entering the motor and sensory organs and prevents the maintenance of normal balance [5] . The chronicity of such pain leads to immobilization following disuse atrophy of the muscles, especially when the relevant muscles lose their stabilization ability [6] .
According to most clinical guidelines, exercise training is known to effectively reduce pain and improve back function in CLBP [7] . However, some patients cannot participate in conventional vigorous exercise training due to prior illness [8] . Whole body vibration (WBV) exercise has been used to train musculoskeletal systems at homes and rehabilitation clinics. Because of its simplicity and ease, WBV is appropriate for the elderly as well as patients who cannot participate in traditional exercise [9] . The vibrations generated by the vibrating platform transmitted through the body stimulate all sensory receptors within the epidermis, dermis, joint capsules, and muscle spindles [10] . The stretch reflex is activated by changes in the length of the muscle spindles, which enhances the frequency of motor evoked potentials and in turn improves neuromuscular performance [10, 11] . WBV is useful for improving pain relief as well as restoring balance, muscle strength, and quality of life in patients with non-specific CLBP [11] . Rittweger et al. [12] reported improved pain and function in patients with CLBP after a 12-week WBV therapy. These positive effects are the result of improved proprioception and improved muscular coordination of the lumbo-pelvic region [12] .
Based on these positive effects, WBV has been increasingly used for relief from musculoskeletal pain, and may complement standard physical rehabilitation treatment [7, 13] . Several reports have suggested that WBV exercise might be effective for CLBP, but most of them investigated vertical vibration by rotational motion [11, 12, 14] . Although WBV is effective and safe, a few studies have reported that vertical vibration might be a harmful stimulus to the body. Several case reports have described dislocation of the intraocular lens or vitreous hemorrhage of the eye following vertical WBV [15, 16] . Repetitive high dose vertical vibration can induce fatigue injury in fragile bones and may potentially lead to damage to aged cartilage tissue [17] . Recently, a WBV medical device (EXX-TREAM 1000; AMH International Ltd., Incheon, Korea) was developed to convert rotational motion into horizontal vibration, and is expected to reduce the harmful body pressure as compared to vertical vibration. Several studies have reported improved balance and motor function in horizontal WBV [18, 19] . However, there has been no study comparing the effect of HVE to that of conventional VVE on CLBP.
Thus, the purpose of this study was to elucidate the effects on CLBP patients of a 12-week horizontal axis vibration exercise as compared to a vertical axis vibration exercise for pain, functional disability, standing balance, lumbar muscle strength, and abdominal and paraspinal muscle thicknesses.
MATERIALS AND METHODS
Twenty-eight patients who visited or were referred to the rehabilitation center of Dongguk University Ilsan Hospital for LBP were recruited. The inclusion criteria were: CLBP without any major neurological deficit and a history of at least 6 months. We investigated the past medical history and radiologic study of each patient so as to exclude the specific lesions which could either be worsened by vibration exercise or influence the evaluation parameters. The exclusion criteria were: (1) severe cardiovascular or central nervous system diseases, such as stroke or Parkinson disease; (2) vestibular dysfunction or peripheral nervous disease; (3) history of vertebral diseases, such as severe osteoporosis (T-score≤-2.5), spinal surgery (within the past 6 months), compression fractures of the axial bone (>40% reduction of any vertebral height), or spondylolisthesis (>50% slip); (4) change of any treatments that could influence pain, muscle strength, or balance within the past 6 months; (5) scheduled spinal intervention within 3 months prior to enrollment or any other therapy for LBP during the trial;
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www.e-arm.org (6) patients who found it difficult to undergo knee flexion posture. The sample size was calculated by G*Power 3.1.9.2 (effect size f=0.25, α=0.05, power=0.80, number of groups=2, number of measurements=4) for repeatedmeasures analysis of variance (ANOVA). The total sample size was 24. A total of 28 participants were recruited in consideration of the dropout rate of 15%.
According to the type of exercise, subjects were randomly assigned to the horizontal vibration exercise (HVE) or vertical vibration exercise (VVE) groups using a table of random numbers; they were assigned to different training sessions for blinded intervention. In addition, we provided no information involving the differences in the treatment methods. The vibration exercise was conducted by expert physical therapists, and the assessment was performed by medical doctors and researchers who were blinded to group allocation. All participants performed the exercise program for 30 minutes a day, three times a week, for a total 12 weeks. The program consisted of 5 minutes of warming-up exercise followed by 20 minutes of WBV exercise-10 minutes of antero-posterior (AP) direction +10 minutes of medio-lateral (ML) direction after postural change, and then 5 minutes of cool-down exercise. The subjects were asked to stand barefoot on the platforms in order to prevent damping of the vibrations. Both angles of the knee flexion were maintained around 60° so as to reduce the transmission of the vibrations to the head and spine (Fig. 1) . Subjects held the handle of the device to maintain their balance during the vibration exercise.
In HVE, the trials were performed under horizontal vibration in the AP plane with a frequency of 3-5 Hz and an amplitude of 1-48 mm in the sagittal axis. The intensities of frequency and amplitude ranged from 5 to 15 levels and gradually increased to the maximum tolerance limit. In VVE, the subjects used conventional vertical vibration similar to HVE, except that the vibration was in the vertical axis with a frequency range of 28-34 Hz and an amplitude of 2.5-5 mm. In order to blind the subjects, the same treatment protocol as in the HVE group was applied for the same duration in the VVE group. The intensity of treatment was controlled by gradually increasing the frequency to the maximum tolerance limit, and was adjusted for each treatment session.
The participants were assessed prior to exercise (preintervention, t0), 6 weeks after the first exercise (mid-intervention, t1), 12 weeks after the first exercise (post-intervention, t2), and 4 weeks from the last exercise session (follow-up, t3). The evaluation parameters included visual analog scale (VAS), Oswestry Disability Index (ODI), standing balance control score, lumbar muscle strength, and abdominal and paraspinal muscle thicknesses.
The primary outcome measures in this study were VAS of back pain and ODI. The secondary outcome measures were lumbar muscle strength, abdominal and paraspinal muscle thickness, and the standing balance control score. Lumbar muscle strength was measured with an isokinetic dynamometer (Model 900-240; Biodex Medical Systems, Shirley, NY, USA). The maximal and average voluntary lumbar extension and flexion strength were obtained as well [20] . Abdominal and paraspinal muscle thicknesses were measured using ultrasonography. For the abdominal muscle, the thickness of the transverse abdominis (TrA) was measured at the junction of the right iliac crest with the axillary line, while for the paraspinal muscle, the thickness of the L4-5 level multifidus muscle was measured. The spine corresponding to the level of the iliac crest was regarded as a reference point for L4 lumbar vertebrae. Based on this criterion, the spinal processes were marked on the skin with marker from L1 to S1. The ultrasound transducer was positioned longitudinally on the line connecting the spinal processes and was moved laterally so as to obtain a parasagittal image of the multifi- www.e-arm.org dus [21] . The thickness of the multifidus muscle was used to measure the distance from the most superficial plane of the L4-5 facet joint to the plane between the muscle and the subcutaneous tissue [22] . For all measurement variables, the average of the two values obtained from the images on both sides was used for analysis.
Standing balance control scores were determined using a Biodex Stability System (Biodex Medical Systems). Patients were instructed to stand barefoot on the platform with a slight knee flexion. After initialization of the center of pressure by quiet standing, three stability trials were performed in 30 seconds by altering the platform. The weight shift was tracked by a green line on a monitor divided into four quadrants [23] . The device measured and analyzed the ML and AP indices as mean±standard deviation. The higher the index scores, the greater the instability; the ML index represents the stability of the coronal plane while the AP index represents the stability of the sagittal plane [24] .
Statistical analysis was performed using statistical software, SPSS version 20.0 (IBM SPSS, Armonk, NY, USA). Statistical significance was determined at p-values less than 0.05. Demographic and baseline parameters were analyzed by independent t-tests or chi-squared tests. The sphericity of the data was verified with a Mauchly test. The Greenhouse-Geisser correction was applied when the assumption of sphericity was violated. In order to investigate and compare the changes of each outcome at each period (t0, t1, t2, and t3) the variables were analyzed with repeated measures ANOVA using time and group as factors. In the presence of significance, Bonferroniadjusted pairwise comparisons were used. This study was approved by the Institutional Review Board of the Dongguk University Ilsan Hospital (No. 2013-112), and written informed consent was obtained from every participant prior to study initiation.
RESULTS
A total of 28 participants completed all of the exercise and assessment sessions. No study-related adverse events were noted during treatment in either of the groups. The mean ages were 55.1±11.2 years in the HVE group and 53.7±12.1 years in the VVE group. No significant differences in were detected in the baseline characteristics of both groups (Table 1) .
Pain
VAS scores for pain were significantly reduced over time in both the HVE and VVE groups (p<0.001). In both groups, a significant decrease in VAS score was detected from 12 weeks (t0 vs. t2, p=0.001 in HVE; t0 vs. t2, p=0.002 in VVE) that persisted until 4 weeks after the last exercise session, as compared to baseline (t0 vs. t3, p=0.04 in HVE; t0 vs. t3, p=0.005 in VVE). However, the differences between groups according to time were not significant (p=0.929) ( Table 2 , Fig. 2A ).
Functional disability
ODI was significantly reduced over time in both groups (p<0.001). In the HVE group, a significant decrease in ODI occurred at 6 weeks of treatment (t0 vs. t1, p=0.003) that persisted until 4 weeks after the last exercise session (t0 vs. t3, p=0.00). In the VVE group, a significant decrease was found from 12 weeks (t0 vs. t2, p=0.011), which persisted until 4 weeks after the last exercise session (t0 vs. t3, p=0.003). However, there was no significant difference between groups according to time (p=0.595) ( Table 2 , Fig.  2B ).
Strength
In terms of peak torque and average power, all measurements of lumbar trunk muscle strength significantly increased over time in both groups (p<0.001). Compared with the baseline, a significant increase was observed at 12 weeks (t0 vs. t2, p<0.01 in all measurements of strength) and it persisted until 4 weeks after the last exercise session (t0 vs. t3, p<0.01 in all measurements of strength) in the HVE group. In the VVE group, a significant increase occurred from 6 weeks of treatment (t0 vs. t1, p<0.01 in all measurements of strength) and it persisted until 4 weeks after the end of treatment (t0 vs. t3, www.e-arm.org 13   t1  t2  t3  t0  t0  t1  t2  t3   t1  t2  t3  t0  t1  t2  t3  t1  t2  t3   t1  t2  t3  t0  t1  t2  t3  t1  t2  t3   t1  t2  t3 All variables except for muscle thickness were significantly changed according to time in each group; however, no variables with significant time-group interactions between the groups existed. All results were obtained using repeated-measures of ANOVA. Ho, horizontal vibration group; Ve, vertical vibration group; t0, assessment at baseline; t1, assessment at 6 weeks; t2, assessment at 12 weeks; t3, assessment performed after 4 weeks from the end of intervention. *p<0.05, a significant difference according to time in each group (solid line, difference in horizontal vibration exercise group; dotted line, difference in vertical vibration exercise group.
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www.e-arm.org p<0.01 in all measurements of strength). However, there was no significant group difference with time in all assessments (Table 2 , Fig. 2C-2F ).
Muscle thickness
There were no significant changes in either TrA or multifidus muscle thickness over time in the HVE group (p=0.153 in TrA, p=0.737 in multifidus) or VVE group (p=0.561 in TrA, p=0.380 in multifidus), although muscle strength increased significantly. There were no significant differences in the thickness of either muscle between the two groups (p=0.568 in TrA, p=0.906 in multifidus) ( Table  2 , Fig. 2G, 2H ).
Balance control
The standing balance control scores improved significantly over time in both groups (p<0.001). The balance score of the AP plane showed a significant difference at 6 weeks in both groups (t0 vs. t1, p=0.017 in HVE, p=0.00 in VVE). The balance score of the ML plane showed a significant difference at 6 weeks in the VVE group (t0 vs. t1, p=0.008) and 12 weeks in the HVE group (t0 vs. t2, p=0.005), both of which persisted until 4 weeks after the last exercise session. However, there were no significant differences between the groups over time in either of the AP and ML planes (p=0.647 in AP, p=0.522 in ML) ( Table 2 , Fig. 2I, 2J ).
DISCUSSION
Traditional WBV involves a vertical vibration induced by the rotational motion of a motor. EXXTREAM 1000 is a newly-developed medical device which converts rotational motion into horizontal vibrations. Studies investigating the effects and mechanisms of horizontal vibrations are rare, and there is no universal consensus. Lee reported a significant improvement in motor function and balance using the horizontal WBV with a conventional rehabilitation group of chronic stroke survivors, but not in the control group, which received conventional rehabilitation only [18] . Shim et al. [19] reported that elderly people who underwent horizontal WBV showed significant improvements in balance and fear of falling. Bagheri et al. [10] compared the acute effects of the three types of vibration of horizontal, vertical, and mixed on muscle performance. There were no significant differences between the three types of stimulation for jump force and jump rate of force development in 12 healthy subjects. However, no studies to date have compared HVE with VVE in CLBP patients.
There are several theories of pain reduction in WBV. Increased pain sensitivity or reduced pain threshold is known to be a major pain mechanism in CLBP [12] . Non-noxious stimulus induced by vibration reduces the number of activated spinothalamic tract neurons as well as the synchronicity of the active volley reaching the cerebral hemisphere. This effect reduces pain and elevates the pain threshold [25] . In addition, based on the gate control theory, an interference stimulus such as vibration arrives in the brain prior to the pain stimulus, which may also reduce pain perception [26] . Humans cannot completely distinguish pain from other sensory stimuli being administered concurrently, and tend to disregard unpleasant sensations [25] . Thus, only vibration sensations that reach the brain first can reduce painful sensations. WBV exercise has been shown to improve muscle performance and strength [27, 28] . Several studies have reported an increase in the endurances of abdominal and multifidus muscles in CLBP patients following WBV exercise [29, 30] . The activation of a larger fraction of the motor neuron pool and the recruitment of previously inactive motor units into contraction results in more efficient use of the force production potential [29, 30] ; this is considered to be the major effect of vibration exercise. In our study, muscle strength and performance improved without muscle hypertrophy. It is possible that horizontal vibration in the AP or ML direction may evoke the tonic vibration reflex (TVR) by changing the length of the muscle spindles, consequently increasing muscle activity and the efficiencies of the lumbar flexor and extensor [31] . It has also been suggested that WBV exercise restores proprioception and facilitates the improvement in muscle coordination of the lumbar area muscle by activating the mechanoreceptors in the lumbo-pelvic region [32] .
The main difference between HVE and VVE is the vibrational direction. In a sense, a horizontal perturbation mobilizes the body in the AP or ML direction, similar to the weight shifting exercise [18] . The weight shifting exercise facilitates the contraction of muscles in the lower extremities as well as core muscles, and has also been reported to improve balance control [18, 33] . In addition, the activations and strengthening of abdominal and www.e-arm.org back extensor muscles reduce pain in CLBP patients [12] . Therefore, HVE was expected to be more effective than VVE in reducing pain, improving disability, and the balance of posture, because core muscles are strengthened by maintaining posture against perturbation. However, there were no significant differences between the HVE and VVE groups in this study, for several reasons. First, we only compared the short-term outcomes of both WBV groups because of the short intervention period. Vibration waves stimulated the muscle spindle, which activated a larger motor neuron pool and recruited previously inactive motor units into contraction, which resulted in a more efficient use of the force generated in the involved muscle groups [27, 30] . This effect was enhanced by the synchronization of motor neuron activity, an increased discharge of the neutral drive that led to an improvement in neural-motor control during spontaneous muscle contraction [30] . This processes is called neural adaptation, which explains the increase in early muscle strength and improved muscle tension by resistance exercise [34] . It has been reported that neural adaptation begins within a few months, whereas structural changes such as muscle hypertrophy are further delayed [27] . In other words, changes in the core muscle thickness may not appear in such a short intervention period. This hypothesis requires validation in a long-term intervention study of the effects of HVE.
Second, predictable perturbations may have affected the outcome. Unexpected perturbation training improves one's ability to maintain standing balance control [35] . The central nervous system increases the reliance on the feedback corrective mechanism based on trial and error of the perturbation stimuli [35] . Further, unpredictable random vibration led to greater activation of the supplementary motor area (SMA) and prefrontal areas as compared to regular vibration [36, 37] . SMA is known to play an important role in the generation and regulation of complex movements [36] . We provided a horizontal WBV with fixed amplitude and frequency, and predictable perturbation training might result in less-than-expected results. Thus, follow-up studies are needed to provide unpredictable perturbation via changes in frequency, amplitude, and direction.
This study has a few limitations. First, it was difficult to investigate the long-term effect and the effect of lasting training of HVE on CLBP because of the short intervention and follow-up periods. Second, we failed to investigate the effect of leg muscle strength on standing balance. Third, the research group in this study was not compared with a conventional core exercise group, because HVE has been shown to be as effective as conventional core exercise on CLBP patients, and because the purpose of this article was to compare the effects of HVE and VVE on CLBP patients. However, for the clinical application of HVE, it is necessary to compare the effects of HVE with conventional therapy. Further studies are warranted to explore this issue, and these would require a risk-benefit analysis of HVE.
To the best of our knowledge, this is the first study to compare the comprehensive effects following the application of horizontal or vertical vibrations in CLBP patients. According to this study, both HVE and VVE are effective intervention methods for reducing pain and improving functional disability, standing balance, and lumbar muscle strength in patients with CLBP. However, no statistically significant hypertrophy of the TrA or multifidus muscle was detected over time. In addition, there was no significant temporal difference between the groups in any of the assessments. Based on these findings, we conclude that HVE is as effective as VVE for CLBP patients.
